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ELECTRICALLY CONDUCTIVE TIMING BELT 

Technical Field 

5 The present invention is directed toward rubber articles with improved electrical 

conductivity. The invention has particular application for timing belts to obtain timing belts with 
improved electrical conductivity properties. 
Background Art 

In devices that utilize rubber in conjunction with mechanical drive means, the movement of 

io the belt relative to the other parts of the apparatus builds a static electrical charge on the belt. 
Other mechanical parts of the apparatus can also generate a static charge which may be transferred 
to the belt. In some applications, the presence of the static charge may damage sensitive electrical 
equipment. Static charge build-up also may limit the operating speed of the belt, thus limiting the 
operation speed of the device. By forming a conductive belt, the static charge is dissipated during 

15 movement, preventing a charge buildup that could lead to the generation of sparks or arcs. This 
also permits an increased operation speed. 

A concern in forming conductive belts is maintaining the abrasion properties of the belt and 
the ability of the conductive material to bond and adhere with the other belt components. To that 
end, static conductivity in a belt has been obtained by numerous methods. 

20 U.S. Patent 4,823,942 discloses an electrically conductive belt comprising a layer of 

electrically conductive rubber containing conductive carbon black. Similarly, U.S. Patent 4758213 
discloses a composite belt with a layer of conductive rubber. The layer has 20 to 40 parts by 
weight of a conductive material selected from carbon black, metallic powder, metallic fibers, or 
conductive organic fibers. U.S. Patent 4,767,389 discloses a driving belt reinforced with multi- 

25 functional threads, including electrically conductive filaments of metal or carbon fibers, providing 
the belt with anti-static properties. U.S. Patent 5,417,619 discloses a v-ribbed belt with an outer 
rubber layer formed of a rubber composition including conductive carbon. 

However, when the belt is framed with an out er layer o f thenng plastic with good insulation 
properties, such as polyethylene, known methods for providing electrical conductivity in the belt 

30 prove insufficient to yield the desired properties. The present invention is directed toward forming 
an electrically conductive belt wherein the composition of the outer thermoplastic layer is utilized 
to provide the desired physical properties, including electrical conductivity, adhesion, abrasion and 
flexibility for both operation and tooth formation. 

Additionally, under currant standards for "electrically conductive belts", it is only required 

35 that the belt have an initial ohm rating within a range that is determined to be electrically 
conductive. There is no set requirement that the belt maintain the electrical property after any 
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period of belt life. Hie present invention is also directed toward a belt that can be made to 
maintain a desirable electrical conductivity during the life of the belt. 
Summary of the Invention 

The present invention is a transktional article including a material in the article that tends to 
5 build an electrical charge during nonnal use when in contact with a second article with which the 
article has relative movement. The translation article has a body and a cover layer on the 
innermost surface. The innermost surface is the article surface which contacts the second article. 
The cover layer of the inventive article is an electrically conductive thermoplastic. 

Another aspect of the present invention is that the cover layer is ultra high molecular weight 
10 polyethylene. 

Another aspect of the present invention is that the cover layer has a thickness within the 
range of 0.05 to 0.25 mm (0.002 to 0.01 inches). 

In another aspect of the present invention a bonding layer may be provided adjacent the 
cover layer. 

15 In another aspect of the invention, the article has an initial surface electrical resistance of 

not more than .05 M ohms. 

In another aspect of the invention, the article is a belt. The belt may be of any conventional 
body construction, and may include any one or multqrie conventional elements such as teeth, 
reinforcing tensile members, and reinforcing fabric. 

20 Brief Description of Drawings 

The invention will be described by way of example and with reference to the 
accompanying drawing in which: 

FIG. 1 illustrates a belt employing the present invention. 
Detailed Description of the Invention 

25 As illustrated in FIG. 1, the belt 1 has a belt body 2, with an outer surface 3, and an 

inner facing toothed surface 4. The inner facing surface 4 has at least one row of adjacent 
rows of teeth 5 and when the belt is used, it is the inner surface 4 which contacts another 
article to drive the belt. The belt body 2 is made of a resilient elastomer and preferably 
reinforced with longitudinal tensile members 6 that lie along the belt longitudinal direction L. 

30 The elastomer for the belt body 2 may be any one of those known to be suitable for use 

in such belts, e.g., polychloroprene, polyurethane, BBR, IIR, IR, SBR, CSM, EPDM, other 
thermosets, thermoplastic elastomers and other polymer alloys. The tensile members 6 are 
usually made of a plurality of cords of a high elastic modulus. These cords may be made 
from glass fiber, carbon fiber, steel, polyester, nylon, high tenacity rayon, or preferably, 
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polyamide. If the belt is to be used for automotive applications, the tensile members are 
typically made using glass fibers. The tooth surface 4 is reinforced with an abrasion resistance 
fabric 7. 

The illustrated teeth 5 are uniformly spaced apart in the longitudinal direction L by a 
5 pitch length P, the pitch length extending from one tooth centerline to the adjacent tooth 
centerline. The teeth 5 may extend obliquely to the longitudinal direction L. When the teeth 
5 are so inclined the oblique inclination angle of the teeth ranges from 15° to 45°. 

The belt surface 4 may be defined by several adjacent rows of teeth 5. When the belt 1 
is defined by plural rows of adjacent teeth 5, the centerlines of the transversely adjacent teeth 
10 may meet at the belt centerline, forming a conventional V-shaped, or herringbone, 
configuration. Alternatively, the centerlines of the transversely adjacent inclined teeth 5 may 
be offset from each other by a portion of the pitch length, as disclosed in U.S. Patent 
5,209,705. 

The resistance of the belt 1 is defined by the following equation, as defined by ISO 9563: 
15 Maximum Resistance = (6 x 1(f) x (Length between electrodes) 

(Width of the Belt) 

ISO 9563 testing of belts requires contacts that should cover the top of three belt teeth and all of 
two grooves. Using the ISO equation above, the maximum resistance for an 8 mm pitch belt, 32 
mm wide, is 0,98 M ohm. RMA standards (RMA IP-3-3) specifies 6 M ohm as the maximum 

20 resistance value for a conductive belt. 

The inner belt surface 4 has two layers of plastic which aid in rendering the belt electrically 
conductive. The cover layer 8 is an electrically conductive thermoplastic. Cover layer 8 must 
have good abrasion properties and be able to soften between 180° and 350° F to allow for 
good tooth formation during molding of the belt. A preferred material for the conductive 

25 cover layer 8 is electrically conductive ultra high molecular weight polyethylene (UHMWPE). 
The resistance of the thermoplastic layer, prior to the formation of the laminated belt 1, should 
be at least as static conductive as the desired conductivity of the belt 1 after formation. 

The thickness of layer 8 ranges from 0.002" to 0.01 " , preferably 0.004" to 0.008" . If 
the layer 8 is too thick, it is difficult to form the belt teeth 5 at the standard operating 

30 temperature. In forming the belt 1, the conductive cover layer 8 may be applied to a belt 
carcass by either winding a wide continues sheet over the carcass, or spirally winding a 
narrow width strip of the conductive thermoplastic. The layer 8 can also be bonded to the 
tooth fabric 7 prior to forming the belt. 

Between the conductive layer 8 and the fabric layer 7 is a bonding layer 9. The 



- WO 00/58191 PCT/US99/06478 

4 

bonding layer 9 assists in adhering the conductive layer 8 to the fabric layer 7. Because of its 
function, the bonding layer 9 is selected to be chemically similar to the conductive layer and 
have good adhesion characteristics with the underlying fabric layer 7. When the conductive 
layer 8 is UHMWPE, the preferred material for layerj Hs high d ensi^polyethylene HDPE. 
5 The HDPE has the ability to melt and "soak" into the fabric 7, providing a sufficient 
mechanical bond with the fabric 7, and it is able to chemically bond with the UHMWPE. The 
thickness of layer 9 ranges from 0.001" to 0.01", preferably 0.002" to 0.008". 

The bonding layer 9 may be excluded if the conductive layer 8 can achieve a sufficient 
chemical and/or mechanical bond with the fabric layer 7. This may be accomplished by using 
io such conventional adhesion promoters as a spray adhesive, or coating on the fabric 7. 

Example Belt 1 

A belt 1 was made in accordance with the disclosed invention, wherein the conductive layer 
8 was formed of conductive UHMWPE. The conductive UHMWPE is commercially available 
from UC Plastics. The conductive layer 8 was 0.004" thick, and no bonding layer was used. 
15 Example Belt 2 

A belt 1 was made in accordance with the disclosed invention, wherein the conductive layer 
8 was formed of conductive UHMWPE. The conductive layer 8 was 0.008" thick, and a bonding 
layer 9, 0.008" thick, was located between the conductive layer 8 and the fabric 7. 

For both example belts, the UHMWPE layer, prior to ^plication onto the belt body, had a 
20 resistance of .001 M ohms. 

Comparison Belt 

For comparison, a static conductive rated belt with a nylon cover coated with static 
conductive rubber was tested. 

Each belt was run on a flex tester for the designated number of hours, and the resistance of 
25 each belt was measured at a defined time. The test data for the three belts is set forth in the 
following table. Resistance was measured by a surface resistance checker that meets ASTM 
standard D-257. The resistance checker employs two spaced metal bars, about 1 7/8" apart, so that 
comparison can be made between different belts. Herein, all of the tested belts were the same 
length. Under this standard, a belt is conductive if the surface resistance is less than 100 M ohm, 
30 and resistant if over 100 M ohm. 
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Table! 



Belt 


Resistance, M ohm 


Hours Run 


0 


100 


200 


300 


Example 1 


0.01 


0.05 


0.05 


0.05 


Example 2 


0.01 


0.01 


0.01 


0.01 


Conventional 


10 


50 


500 


500 



Example belt 1 had an initial resistance of 10 4 ohm. A resistance check at 100, 200, and 
300 hours found the belt maintained a resistance of 0.05 M ohm. 

Example 2 had an initial resistance of 10* ohm. After running for 100, 200, and 300 
hours, the belt 1 experienced no loss of conductivity. A final check at 700 hours showed no loss in 
resistance of the belt 1 . 

Hie comparison belt had an initial resistance of 10 M ohm. After running 100 hours, the 
belt had a resistance of 50 M ohm; after 200 and 300 hours, the resistance was 500Mohm. 

The belts constructed according to the present invention maintained either the original 
resistance or showed no significant loss of electrical conductivity. The comparison belt, one that is 
conventionally rated as electrically conductive, maintained a conductive rating for at least the first 
100 hours, but over the longer belt life, the conductivity decreased. 

As electrical conductivity is desired in synchronous belts to dissipate static charge, 
preventing charge buildups, and permit increased operational speed, this belt characteristic should 
ideally be maintained over a long belt life. The conventional elastomeric belt rated as electrically 
conductive does not maintain this property throughout the belt life, contrary to the belt 1 of the 
present invention. The inventive belt 1 has uses in both industrial and automotive applications. 

The use of an electrically conductive thermoplastic bonded to rubber for the puipose of 
improved electrical conductivity is applicable to other rubber articles which tend to build up an 
electrical charge during normal use due to contact with another article. Such other articles include 
but are not limited to non-toothed belts, rubber rollers, printing blankets, photocopy belts, and 
other translational articles. 

While certain representative embodiments and details have been shown for the purpose 
of illustrating the invention, it will be apparent to those skilled in this art that various changes 
and modifications may be made therein without departing from the spirit or scope of the 
invention. It is, therefore, to be understood that changes can be made in the particular 
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embodiments described which will be within the full intended scope of the invention as defined by 
the following appended claims. 
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1. A translational article (1) including a material in the article that tends to build an electrical 
charge during normal use when in contact with another article with which the article has 
relative movement, the article (1) comprising a body (2) and a cover layer (8) on the 
innermost surface (4) intended to be in contact with the another article, the article (1) being 
characterized by 

the cover layer (8) is an electrically conductive thermoplastic. 

2. An article (1) in accordance with claim 1 wherein the cover layer (8) is ultra high molecular 
weight polyethylene. 

3. An article (1) in accordance with claim 1 or 2 wherein the thickness of cover layer (8) is 
within the range of 0.05 to 0.25 mm (0.002 to 0.01 inches). 

4. An article (1) in accordance with claim 1 or 2 wherein a bonding layer (9) is adjacent the 
cover layer (8). 

5. An article (1) in accordance with claim 4 wherein the bonding layer (9) is high density 
polyethylene. 

6. An article (1) in accordance with claim 1 wherein the article (1) has an initial surface 
electrical resistance of not more than .05 M ohms. 

7. An article (1) in accordance with any of claims 1-5 wherein the article is a belt (1). 

8. A belt (1) in accordance with claim 7 wherein the belt (1) comprises a fabric layer (7) is 
adjacent the cover layer (8). 



- WO 00/58191 



PCT/US99/06478 




INTERNATIONAL SEARCH REPORT 


tnt*' national Application No 




PCT/US 99/06478 


A CLASSIFICATION OF SUBJECT MATTER 

IPC 7 865H5/02 H05F3/02 




According to International Patent Classification (IPC) or to both national classification and IPC 




B. FIELDS SEARCHED 


Minimum documentation searched (classification system foOowed by classification symbols) 

IPC 7 B65H H05F 



Documentation searched other than minimum documentation to the extent that such documents are included in me fields searched 



Electronic aata base consulted cunng the international search (name of data base and. where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 5 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


WO 97 47460 A (FLU0R0N, INC.) 


1,2,6 




18 December 1997 (1997-12-18) 


Y 


page 5, line 31 -page 9, line 14; figures 


3-5,7,8 


Y 


EP 0 472 436 A (SOMAR CORPORATION) 


3-5 




26 February 1992 (1992-02-26) 




A 


page 2, line 57 -page 5, line 27; figures 


1,2,8 


Y 


US 5 209 705 A (GREGG) 


7,8 




11 Hay 1993 (1993-05-11) 




cited in the application 




A 


column 1, line 57 - line 66; claim 1; 


1 




figures 


X 


US 4 392 177 A (GEYKEN) 


1,4 




5 July 1983 (1983-07-05) 




column 3, line 44 -column 7, line 23; 






figures 






-/-- 





| X I rTurtner documents are listed in the continuation ol box C. 



|X ] Patent family members are listed in annex. 



1 Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

H L" document which may throw doubts on priority daim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document refernng to an oral disclosure, use. exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered lo involve an inventive slep when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 

12 November 1999 


Date ot mailing of the international searcn report 

26/11/1999 


Name and mailing address of tne ISA 

European Patent Office. P.B. 5818 PatentJaan 2 
NL - 2280 HV Rjjswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nJ. 
Fax: (♦31-70) 340-3016 


Authorized officer 

Fuchs, H 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



International Application No 

PCT/US 99/06478 



C.(Contlnuation) OOCUMENTS CONSIDERED TO BE RELEVANT 



Category - Citation of document, with Indlcation.where appropnate. of the relevant passages 



Relevant lo claim No. 



GB 2 100 390 A (AGFA-GEVAERT AG) 

22 December 1982 (1982-12-22) 

page 1, line 108 -page 2, line 74; figures 

US 4 823 942 A (MARTIN ET AL.) 

25 April 1989 (1989-04-25) 

cited in the application 

column 3, line 1 -column 4, line 46; 

figure 

US 4 758 213 A ( TANAKA ET AL.) 
19 July 1988 (1988-07-19) 
cited in the application 
claim 1; figures 

US 4 767 389 A (HABEGGER ET AL.) 
30 August 1988 (1988-08-30) 
cited in the application 
claim 1; figures 1,2 

US 5 417 619 A (TAJ IMA ET AL.) 

23 May 1995 (1995-05-23) 
cited in the application 

claim 1; figures 



1,6 



1,7 



1,7 



1,7 



1,7 



Form PCTnSA72»0(. 



i ol second sneet) {Jury 1992) 



page 2 of 



2 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



International Application No 

PCT/US 99/06478 



Patent document 


Publication 




Patent family 




Publication 


cited in search report 


date 




member(s) 




date 


WO 9747460 A 


1 Q_l 9—1 QQ7 


LA 


2257714 


A 


18-12-1997 






EP 


0918616 


A 


02-06-1999 


EP 0472436 A 


26-02-1992 


FI 


913948 


A 


24-02-1992 






OP 


2113829 


C 


06-12-1996 






JP 


5245982 


A 


24-09-1993 






JP 


8002623 


6 


17-01-1996 






SE 


9102412 


A 


24-02-1992 



US 5209705 



11-05-1993 



AT 


137315 


T 


15-05- 


1996 


AU 


3987093 


A 


02-12- 


1993 


AU 


4176093 


A 


• 02-12- 


1993 


8R 


9302051 


A 


07-12- 


1993 


CA 


2075863 


A.C 


30-11- 


1993 


CN 


1084621 


A,B 


30-03- 


1994 


DE 


69302324 


D 


30-05- 


1996 


0E 


69302324 


T 


21-11- 


1996 


OK 


571887 


T 


13-05- 


1996 


EP 


0571887 


A 


01-12- 


1993 


ES 


2087608 


T 


16-07- 


1996 


MX 


9303099 


A 


01-11- 


1993 


SG 


54223 


A 


16-11- 


1998 


US 


5421789 


A 


06-06- 


1995 



US 4392177 


A 


05-07-1983 


DE 


2939473 


A 


09-04-1981 








CA 


1146185 


A 


10-05-1983 








EP 


0026432 


A 


08-04-1981 


GB 2100390 


A 


22-12-1982 


0E 


3122584 


A 


23-12-1982 








FR 


2507344 


A 


10-12-1982 








IT 


1151429 


B 


17-12-1986 








JP 


57211140 


A 


24-12-1982 


US 4823942 


A 


25-04-1989 


CA 


1232006 


A 


26-01-1988 








OP 


59136729 


A 


06-08-1984 


US 4758213 


A 


19-07-1988 


AT 


41210 


T 


15-03-1989 








CA 


1258781 


A 


29-08-1989 








EP 


0198308 


A 


22-10-1986 


US 4767389 


A 


30-08-1988 


AT 


49637 


T 


15-02-1990 








EP 


0240861 


A 


14-10-1987 








JP 


2530648 


B 


04-09-1996 








JP 


62242156 


A 


22-10-1987 








KR 


9610458 


B 


01-08-1996 



US 5417619 A 23-05-1995 JP 6323368 A 25-11-1994 

JP 7117123 B 18-12-1995 

CA 2122939 A,C 12-11-1994 

OE 69404547 D 04-09-1997 

DE 69404547 T 19-03-1998 

EP 0624738 A 17-11-1994 



Form PCT7ISA/210 (patem farrtly annex) (July 1992) 



